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Early embryonic development may be negatively affected by insufficient 
progesterone (P4) production. Therefore, the aim of our study was to increase P4 
by gonadotropin-releasing hormone (GnRH) and/or human chorionic gonadotro-
pin (hCG) treatments after inducing oestrus by prostaglandin (PG) treatment. Lac-
tating Simmental dairy cows (n = 110), between 1 to 5 lactations, with an average 
milk production of 6,500 l/305 days, at 40–80 days postpartum were used and 
grouped as follows: (1) PG + GnRH treatment at AI (GnRH group), (2) PG + 
hCG treatment at day 7 after AI (hCG group), (3) PG + GnRH at AI + hCG 
treatment at day 7 after AI (GnRH/hCG group), and (4) spontaneous oestrus (C: 
control group). All animals were double inseminated (at the time of oestrus detec-
tion and 12 ± 2 h thereafter). Blood serum and milk samples were collected at the 
day of observed oestrus (day 0), and 14, 21 and 28 days after AI. Serum P4 was 
determined using a commercial radioimmunoassay (RIA) test (INEP, Zemun), 
and milk P4 was determined using enzyme-linked immunoassay (ELISA) test 
(NIV Novi Sad). Pregnancy status was confirmed by ultrasonography between 
days 28 and 35 after AI. Differences of serum or milk P4 medians, pregnancy 
(and calving) rate were determined using Dunn’s Multiple Comparison Tests and 
Z test, respectively. Serum P4 medians were significantly higher at days 14, 21 
and 28 after AI in the hCG-treated animals, indicating increased luteal activity, 
with a similar tendency in whole milk P4 values. Treatment with hCG during the 
early luteal phase significantly contributed to the maintenance of gestation at days 
28–35 after AI, and also increased the calving rate in Simmental dairy cows.  
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Reproduction efficiency of dairy cows has declined worldwide and preg-
nancy rates after artificial insemination (AI) are usually between 30 and 40% 
(Royal et al., 2000; Gvozdić et al., 2011). Since the first report by Pursley et al. 
(1995) about the Ovsynch protocol, many oestrus synchronisation programmes 
have been developed and tested. Almost all types of synchronisation protocols 
are based on the orderly usage of prostaglandin F2alpha (PGF2α) and gonadotro-
pin releasing hormone (GnRH) (Macmillan, 2010). 
Utilizing oestrus synchronisation programmes in dairy cow reproduction 
management has two major goals: (1) bypassing the human activity and errors in 
oestrus detection; (2) an achievement of a pregnancy rate (PR) at least compara-
ble to the level observed after spontaneous oestrus detection and AI. However, it 
seems that the average PR in the most synchronisation programmes rarely ex-
ceeds 40%, and not many of them have succeeded to reduce the incidence of 
early embryonic mortality rate (Macmillan, 2010). Pregnancy failure could be 
the result of insufficient luteal progesterone (P4) production during the early 
stages of embryonic development (Shelton et al., 1990; Mann and Lamming, 
1999, 2001). 
Meta-analysis of 17 progesterone supplementation studies indicated that 
treatments during the first week after AI could result in increasing pregnancy 
rates (Mann and Lamming, 1999). Mann et al. (2006) indicated that early proges-
terone supplementation resulted in a fourfold increase in trophoblastic length and 
a sixfold increase in the uterine concentration of interferon-τ (IFN-τ). Human 
chorionic gonadotropin (hCG) has an activity similar to luteinising hormone 
(LH) and, after binding to LH receptors, increases P4 secretion from small luteal 
cells (Stevenson et al., 2007). Administration of human chorionic gonadotropin 
(hCG) on day 5 after oestrus could result in the formation of accessory CL and 
hypertrophy of the original CL, which is accompanied by an increase of P4 con-
centration from day 7 onwards (Rizos et al., 2012). This increase of P4 concen-
tration is positively correlated with the conceptus area that is highly correlated 
with the secretion of IFN-τ in vitro (Rizos et al., 2012; Maillo et al., 2014). 
Treatment with hCG several days after AI could induce ovulation of the first-
wave dominant follicle(s) leading to the formation of additional luteal tissue and 
an increase in plasma P4 concentration and PR in dairy cows (Rajamahendran 
and Sianangama, 1992; Sianangama and Rajamahendran, 1992; De Rensis et al., 
2010; Khoramian et al., 2011). Nascimento et al. (2013) reported that the use of 
CIDR + hCG could elevate P4 concentration in lactating cows and heifers. An al-
ternative treatment could be gonadotrophic releasing hormone (GnRH) applica-
tion, but the rise in progesterone concentration is more pronounced after using 
hCG (Schmitt et al., 1996b). 
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Our previous study indicated that in repeat breeding dairy cows hCG 
treatment could be a valuable tool for increasing reproduction efficiency (Gvoz-
dić et al., 2013), presumably based on the increasing circulating P4 level during 
the period of early embryonic development. Walton et al. (1990) also reported 
that the administration of hCG (1500 IU) on day 5 after oestrus resulted in a sus-
tained increase of milk P4 concentration in repeat breeding dairy cows, with a 
pregnancy rate of 47.2% compared to 39.5% in saline-treated controls. 
Our working hypothesis was to use GnRH (at oestrus detection) and/or 
hCG (at day 7 after oestrus detection and AI) in a simple protocol of oestrus syn-
chronisation using PGF2α treatment of eligible Simmental dairy cows between 
40–80 days postpartum, and to determine possible differences in serum P4 and 
milk P4 levels during early pregnancy, aiming for an increased pregnancy rate. 
 
 
Materials and methods 
Experimental animals, blood serum and milk sampling 
The study was conducted in a dairy herd consisting of 1500 animals at the 
farm ‘Lazar’ in Blace, Republic of Serbia. A total of 110 healthy Simmental dairy 
cows, between 1–5 lactations, with an average milk production of 6400 l/305 
days in milk, between 40–80 days after parturition, were included in the experi-
ment. The available reproductive efficiency parameters of the experimental ani-
mals are presented in Table 1. 
Table 1 
Parameters of reproductive efficiency in experimental animals (mean ± SD) 
Lactation no. 3 ± 2 
First conception age (months) 17 ± 1.5 
First calving age (months)  26 ± 1.5 
Calving interval (days) 420 ± 90 
First postpartum oestrus (days) 34 ± 8 
First insemination after calving (days) 62 ± 16 
Number of inseminations/conception (previous lactation) 2 ± 3 
Inter-oestrus period (days) (previous lactation) 21 ± 1 
Days open (DO) (previous lactation) 133 ± 74 
 
The nutrient content of the daily ration of Simmental dairy cows used in 
the experiment is presented in Table 2.  
All experimental animals included in this study were clinically healthy, 
without evidence of puerperal diseases. Experimental animals were considered 
eligible for oestrus synchronisation when diagnosed with a CL after rectal palpa-
tion, and were treated with PGF2α (Estrumate®, Vet Pharma Friesoythe GmbH, 
Friesoythe, Germany) for oestrus synchronisation (except the control group of 
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animals that was left untreated and subsequently observed for the signs of spon-
taneous oestrus). Animals treated with PGF2α showing signs of oestrus 2–5 days 
after treatment were subsequently randomly assigned to one of the following 
treatment groups: (1) GnRH treatment (Receptal®, Intervet International GmbH, 
Unterschleissheim, Germany) at the first AI; (2) hCG treatment (Pregnyl®, Or-
ganon, Oss, The Netherlands) at day 7 after AI; (3) GnRH treatment at first AI, 
followed by hCG treatment at day 7 after AI. In order to avoid mistakes that can be 
introduced by late ovulation or false oestrus, all cows had been checked and con-
firmed by rectal palpation. Findings identified by rectal palpation on the uterus 
and ovaries were recorded. Rectal palpations and artificial inseminations (AI) 
were conducted by experienced veterinarians and only cows with mature follicles 
were inseminated. Twelve hours (± 2 h) after the first AI the cows were subjected 
to the second rectal palpation and AI. All experimental animals were checked for 
pregnancy at days 28–35 after AI by means of ultrasonography (Easi-ScanTM, BCF 
technology, Bellshill, UK). Cows were considered pregnant when an irregular-
shaped, non-echogenic black spot or spots were recognised within the uterine lu-
men, representing the allantoic fluid, and a CL on the ipsilateral ovary was de-
tected. The experimental protocol with the number of animals and treatments is 
presented in Table 3. 
Table 2 
Nutrient content of the daily ration for experimental Simmental dairy cows 
Dry matter (DM), kg 23.05 
Net energy of lactation (NEL), MJ 169.89 
Crude protein (CP), % DM 16.89 
Rumen undegradable protein (RUP), % CP 35.69 
Fat, % DM 6.69 
Fibre, % DM 22.99 
Acid detergent fibre (ADF), % DM 31.06 
Neutral detergent fibre (NDF), % DM 50.08 
Blood serum and milk sampling 
Blood serum and milk samples were collected on the day of observed oes-
trus (day 0) and then 14, 21 and 28 days after AI. Blood for serum P4 samples 
was collected from the coccygeal vein using BD Vacutainer® serum tubes (De-
mophorius, Cambridge, UK). Serum was separated after spontaneous coagulation 
at room temperature and stored at –18 °C until analysed. Approximately 8 mL of 
milk from clinically healthy quarters was sampled at the beginning of morning 
milking in plastic tubes (10 mL, Spectar, Čačak, Serbia). Potassium dichromate 
tablets of 3.3 mg (Merck, Darmstadt, Germany) were used as a preservative dur-
ing transportation and storage of milk samples. Milk samples were stored in a re-
frigerator at +4 °C until analysed. 
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Table 3 
Experimental animals and treatment protocols (n = number of experimental animals) 
Group n Treatment 
GnRH 26 
 
hCG 30 
 
GnRH/hCG 28 
 
C 26 
 
C – control, spontaneous oestrus; PGF2α – 0.25 mg/mL, 2 mL/animal, i.m.; E – oestrus detection; 
AI – double AI (first AI at the time of oestrus detection and second AI 12 ± 2 h later); GnRH – 
0.05 mg/mL, 2 ml/animal, i.m. at the time of oestrus detection; hCG – 1500 IU/animal, i.m., 7 days 
after the second AI 
Blood serum and milk progesterone analyses 
Blood serum P4 concentration was determined using commercial radio-
immunoassay test (RIA Progesterone PEG test, Institute for Application of Nu-
clear Energy – INEP, Zemun, Serbia). Maximal values for inter- and intraassay 
coefficients of variation were 9.37% and 7.52%, respectively. The level of P4 in 
whole milk samples using enzyme immunoassay (ELISA) progesterone test was 
determined in the Scientific Veterinary Institute ‘Novi Sad’, Novi Sad, Serbia. 
Anti-progesterone antibodies, protocol for assay and protocol of production of 
HRP-P4 were obtained from the Laboratory of Theriogenology, Department of 
Veterinary Medicine, Faculty of Agriculture, Yamaguchi University, Japan. Sub-
strates for the ELISA test were produced by INEP. Optical density (extinction) 
was recorded using a plate reader (Rayto Life and Analytical Science Co. Ltd., 
Shenzhen, China) with a filter wavelength of 450 nm. Maximal values for inter- 
and intraassay coefficients of variation were 8.5% and 8.6%, respectively. 
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Statistical analysis 
The differences in median P4 concentration values between experimental 
groups and subgroups were determined using analysis of variance (ANOVA), 
Kruskal-Wallis and Dunn’s Multiple Comparison Tests (P < 0.05 was considered 
statistically significant). 
The differences between proportions of the pregnant animals (PR, preg-
nancy rate, % of pregnant animals at days 28–35 post-AI) and calving rate (CR, 
% of calved animals) in the experimental groups were tested using Z test of sta-
tistical significance at P < 0.05 level of significance (http://www.socscistatistics. 
com/tests/ztest/). 
 
Results 
Blood serum and whole milk P4 concentrations in the experimental groups 
after AI are presented in Fig. 1. 
The treatment of experimental animals with hCG induced a significant in-
crease in blood serum P4 concentrations at days 14, 21 and 28 (Fig. 1A, B, C), 
while milk P4 values remained relatively stable at day 14 in all experimental 
groups (Fig. 1D). However, there was a tendency for increased milk P4 concen-
trations in hCG-treated animals, as indicated by the significantly higher (P < 
0.05) whole milk P4 concentrations at days 21 and 28 in the hCG-treated group 
of dairy cows compared to the control (Fig. 1E, F). 
The results of pregnancy rate (PR, % of pregnant animals) and calving rate 
(CR, % of calved animals) in the control group and in all experimental groups, 
including their subgrouping in the total number of treated animals, and the statis-
tical significance of differences between them are presented in Table 4. 
There was a significantly increased PR in all treated groups compared to 
the control group of animals (54%, 62%, 63% vs. 31%, P < 0.05, in the GnRH, 
GnRH/hCG, hCG vs. the C group, respectively). Furthermore, by summarising 
the number of pregnant animals in all treated groups (total treated), and compar-
ing them to the control group there was also a significantly increased PR in the 
treated animals (58% vs. 31%, P < 0.05, total treated and control, respectively). 
There was also a significantly increased CR in the hCG-treated group of experi-
mental animals (57% vs. 31%, P < 0.05, hCG and C group, respectively), as well 
as in the total treated animals compared to the control group (51% vs. 31%, P < 
0.05, total treated and C group, respectively). 
Comparing the results of PR and CR in our experiment, it is evident that 
the highest level of pregnancy loss after days 28–35 occurred in the GnRH/hCG 
group (3/16, 18.75%), while the lowest level of pregnancy loss was observed in 
the GnRH group (1/14, 7.14%), while pregnancy loss was intemediate in the 
hCG group (2/19, 10.52%). 
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Fig. 1. Blood serum and milk P4 concentrations (median ± interquartile range, ng/mL) in dairy 
cows of all experimental groups at days 14, 21 and 28 after AI and statistical significance of  
differences between median values; A, B, C – blood serum; D, E and F – whole milk;  
*P < 0.05, ***P < 0.001 
 
Discussion 
The hypothesis that P4 secretion from the luteal tissue in high-producing 
dairy cows could be insufficient to support successful early pregnancy is not a 
new one, and it has been explored in several recent studies (Rizos et al., 2012; 
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Binversie et al., 2012; Nascimento et al., 2013). However, there is a general lack 
of information regarding blood serum and milk P4 concentrations during the oes-
trus cycle in Simmental dairy cows, and its role in early pregnancy, especially af-
ter oestrus synchronisation. Furthermore, there is a renewed interest in the usage 
of hCG in oestrus synchronisation protocols in dairy cows, with the incorpora-
tion of hCG in the modified double-Ovsynch protocol (Binversie et al., 2012). 
Table 4 
The effect of different treatment protocols on pregnancy rate (PR) and calving rate (CR) in the ex-
perimental animals 
Group PR (%) CR (%) 
C 31b (8/26) 31b (8/26) 
GnRH 54a (14/26) 50a,b (13/26) 
GnRH/hCG 62a (16/28) 46a,b (13/28) 
hCG 63a (19/30) 57a,c (17/30) 
Total treated 58a (49/84) 51a (43/84) 
PR: pregnancy rate at days 28–35; CR: Calving rate (percentage 
of calved animals); C: control group. a,b,cZ test of statistical sig-
nificance of differences in the PR and CR between control and 
treatment groups (GnRH, GnRH/hCG and hCG) including the to-
tal number of treated animals vs. control; numbers with different 
superscripts are significantly different (P < 0.05) (http://www. 
socscistatistics.com/tests/ztest/) 
 
After a meta-analysis of 17 studies Mann and Lamming (1999) have con-
cluded that P4 supplementation during the first week of pregnancy results in an 
increase of pregnancy rate (PR), while treatment during the second and third 
weeks of pregnancy has no effect on PR. Progesterone concentration at day 5 af-
ter oestrus is positively correlated with embryonic development (Green et al., 
2005). These findings suggest that P4 supplementation between days 5–9 after 
AI has a more positive effect on maternal recognition of pregnancy than P4 
treatments in the latter period (Mann et al., 2006). Several methods are available 
for P4 supplementation during early pregnancy in dairy cows, and treatment with 
hCG is one that has received notable attention (recently reviewed by Szenci, 
2015). An increase of endogenous P4 concentrations after hCG treatment was 
reported by several authors (Schmitt et al., 1996a; Santos et al., 2001; Stevenson 
et al., 2007; Stevenson and Pulley, 2012). There are also several reports about 
the positive effect of hCG treatment on conception rate (Breuel et al., 1989; Ra-
jamahendran and Sianangama, 1992). However, Stevenson et al. (2007) found no 
positive effect of hCG treatment on pregnancy outcome at the first service after 
calving, and several previous reports also confirmed this conclusion (Walton et 
al., 1990; Hanlon et al., 2005). Our previous work indicated that treatment with 
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hCG in repeat-breeding dairy cows during the mid-luteal phase could increase 
plasma P4 concentration and improve reproduction efficiency (Gvozdić et al., 
2013). This discrepancy in the reports about the effects of hCG treatment the re-
production efficiency led us to revisit this problem, especially having a situation 
that the Simmental breed is the most common on small dairy farms in the rural 
parts of Serbia. Furthermore, many field or farm veterinarians utilise a simple 
oestrus synchronisation protocol based on a single PGF2α injection in animals 
with a palpable CL (with the records of no previous inseminations), expecting 
oestrus followed by successful pregnancy after AI. 
The blood serum P4 concentrations found by us are lower than the level 
found in Holstein animals stimulated with hCG (Stevenson et al., 2012) but are 
comparable to concentrations detected in Holstein-Friesian dairy cows subjected 
to Ovsynch treatment (Vuković et al., 2016). Stevenson and Pulley (2012) re-
ported that treatment with hCG (1000 IU) seven days after AI induces new luteal 
structures in about 70% of the treated animals and increases blood P4 level. Our 
results also indicate increased luteal tissue activity in hCG-treated animals (Fig. 
1A, B and C), but the level of P4 was lower compared to that found in hCG-
treated animals by Stevenson et al. (2012), in spite of the fact that we used 
1500 IU of hCG. This difference may have resulted from differences in the 
methodology of P4 determination (differences in the RIA test and procedure) or 
from the difference in innate P4 production and blood serum level in Simmental 
dairy cows. Furthermore, in hCG-treated Holstein cows Walton et al. (1990) re-
ported P4 levels more similar to those found by us. However, besides possible 
differences in the methodology of blood serum or plasma P4 determination, we 
were able to demonstrate a significantly higher blood serum P4 concentration in 
the hCG-treated experimental groups of animals after AI. 
The increased PR found in hCG-treated Simmental dairy cows after oes-
trus synchronisation and AI in our work indicates that some of the pregnancy 
failures are attributable to insufficient P4 production during the early stages of 
embryonic development. King et al. (2013) have found that higher plasma P4 
concentrations in nulliparous dairy heifers as early as 4–6 days after insemina-
tion have a positive effect on first-insemination PR. There was a significant dif-
ference in pregnancy rate between heifers with plasma P4 between 0–2 ng/mL 
(PR = 43%) and heifers with a P4 level ≥ 2 ng/mL (PR = 56–73%). However, 
heifers treated with hCG with a plasma P4 level > 2 ng/mL had significantly 
lower PR compared to the control animals (51% vs. 64%; King et al., 2013). Ob-
viously, there are other factors that could have influenced PR under the experi-
mental conditions reported by King et al. (2013), including age, semen type, and 
presence of a functional CL. In our experimental protocol we tried to decrease 
the possible effects of inaccurate oestrus detection, nonexistence of a functional 
CL and mistiming of AI, and we were able to demonstrate the positive effect of 
hCG treatment at day 7 after AI on PR in Simmental dairy cows. Unfortunately, 
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we were not in the position to utilise ultrasound for the examination of all ovar-
ian structures (CLs, follicles) during the whole duration of our experiment, but 
further studies should consider this. 
There is an estimation suggesting that only around 50% of dairy cows in 
the United Kingdom calve to a particular insemination, indicating that pregnancy 
fails in about 50% of cows (Mann and Lamming, 1999). The timing and extent 
of pregnancy failure reviewed by Sreenan and Diskin (1986) indicated that fer-
tilisation rate is around 90%, and PR falls to around 80% by days 10–13 due to 
failed embryonic development. The PR further falls to 60–65% by day 19 be-
cause of the inability of the developing embryo to prevent luteolysis and main-
tain sufficient progesterone secretion. By day 25 after breeding the pregnancy 
rate falls to a value between 25% and 30% due to embryonic mortality. Our data 
indicate that PR at days 28–35 in all treated animals is significantly higher com-
pared to the control animals (31% vs. 58%, P < 0.05 for control and total treated, 
respectively), and hCG treatment was a significant factor contributing to that dif-
ference (31% vs. 62% and 63, P < 0.05, for control vs. GnRH/hCG and hCG, re-
spectively). After the analysis of calving records and the calculation of CR there 
was still evidence that all our treatments had significantly improved reproductive 
efficiency (CR 31% vs. 51%, P < 0.05, in the control and the total number of 
treated animals, respectively). 
After comparing the results of PR and CR, we calculated the highest level 
of pregnancy loss in the GnRH/hCG group (3/16, 18.75%), the lowest level in 
the GnRH group and an intermediate level in the hCG group (1/14, 7.14% and 
2/19, 10.52%, GnRH and hCG group, respectively). The interval between preg-
nancy diagnosis by means of ultrasonography in our work (days 28–35) and 
calving was very long, and there were many factors that could influence the ex-
perimental animals (Romano, 2004; Romano et al., 2006). During the first tri-
mester spontaneous pregnancy loss in dairy cows could reach a percentage as 
high as 10–20% (Romano, 2004; Santos et al., 2004). In the experiment con-
ducted on 138 Holstein-Friesian dairy cows that were repeatedly examined by ul-
trasonography between days 26–58 after AI, Szenci et al. (1998) reported a total 
calving rate of 37.6% (52/138), and late embryonic mortality occurring in 8.6% 
of cows. However, the high pregnancy loss during our experiment could also 
originate from a false pregnancy diagnosis, since our criteria for a positive preg-
nancy did not comprise the detection of fetal heartbeats, and were based on the 
recognition of irregular-shaped, non-echogenic black spot or spots within the 
uterine lumen, representing the allantoic fluid, and a CL on the ipsilateral ovary. 
The accuracy of early pregnancy diagnosis in the bovine species could also be af-
fected by position of the uterus relative to the pelvic inlet, with the uterus located 
far cranially being more prone to incorrect non-pregnancy diagnosis (Szenci et 
al., 1995). According to a recent study in herds with a high incidence of early fe-
tal mortality of non-infectious nature at pregnancy diagnosis (days 28–34), 
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treatment at the time of pregnancy diagnosis with progesterone in cows with one 
corpus luteum and with GnRH in cows with two or more corpora lutea should of-
fer considerable benefits (Bech-Sàbat et al., 2009). Unfortunately, during our ex-
periment the possible number of CL on the ipsilateral ovary (it either had or did 
not have CL) was not determined, which should be considered in our further 
studies of similar design. 
Our results indicate that hCG treatment during the early luteal phase after 
a simple oestrus synchronisation protocol between 40 and 80 days after parturi-
tion could increase blood serum P4 concentration and PR at days 28–35 post-AI 
in Simmental dairy cows. There is also evidence that all our treatments increased 
CR in Simmental dairy cows. 
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